Objective-To assess the arrangement of myocardial bridges.
Abstract
Objective-To assess the arrangement of myocardial bridges.
Design-A necropsy study of 90 consecutive hearts (56 male, 34 female).
Results-Myocardial bridges, either single or multiple, were seen in 50 (55-6%) of the 90 hearts. The left anterior descending artery was the most commonly affected artery. Thirty five of the 50 hearts which contained in total 41 muscle bridges were dissected further with a magnifying glass. Two different types of muscle bridges could be identified. Thirty one of these 41 myocardial bridges were superficial, crossing the artery transversely towards the apex of the heart at an acute angle or perpendicularly. The remaining 10 myocardial bridges crossed the left anterior descending coronary artery and surrounded it by a muscle bundle that arose from the right ventricular apical trabeculae and crossed the artery transversely, obliquely, or helically before terminating in the interventricular septum.
Conclusions-The superficial type of myocardial bridge does not seem to constrict the artery during systole but the deep muscle bridges, by virtue of their relation with the left anterior descending coronary artery, could twist the vessel and thus compromise its diastolic flow. This may result in ischaemia.
Reyman in 1737 and Black in 1805 described an anatomical curiosity-the overlaying of the left anterior descending coronary artery by a muscular bridge.'2 Since then there have been further reports34 and some investigators have described acute myocardial infarction in young patients in whom no coronary atherosclerosis was identifiable but in whom muscle bridges were found and the cause of the infarction was directly referrable to the myocardial bridge.56 There have been no detailed studies, however.
We have examined and classified myocardial bridges, particularly in terms of their relation to the left anterior descending coronary artery and have examined the haemodynamic implications these findings may have for ischaemic heart disease.
Patients and methods
We studied 90 hearts (56 male, 34 female) removed consecutively at necropsy. The individual ages ranged from a stillbirth to 84 years and in none was there a history of preceding established cardiac disease and death was not referrable to cardiac causes. Myocardial bridges were identified in 50 hearts. Thirty five of these hearts were examined further by hand lens dissection. Thirteen of the remaining 15 hearts, in which the left anterior descending coronary artery was directly related to a muscle bundle, were assessed histologically. After fixation, five were embedded in paraffin and 10 gum sections were cut, and four were embedded in 8% celloidin and 100 gum sections were cut.
The sections were then stained by azan and resorcin fuschin and the azan and Weigert method respectively to demonstrate connective and elastic tissue. Segments of four hearts which included muscle bridges were cut at 60 ,um in a cryostat and stained by Sudan III to assess the adipose tissue interposed between the artery and the muscle bridge. The remaining two hearts were set aside for ultrastructural investigation.
STATISTICAL TESTS
We used Student's t test for paired and unpaired samples with Fisher tests for variance and multiple comparison analysis. P values < 0 05 were considered significant.
Results
Thirty two of the 50 hearts that contained muscle bridges came from male subjects. In 35 hearts the bridges were single, affecting solely the left anterior descending coronary artery; 10 hearts contained two muscle bridges and five hearts contained three muscle bridges. These multiple muscle bridges affected either the same vessel or different coronary arteries or their branches. Significantly longer muscle bridges were seen in the 21-50 age group than in the hearts removed from subjects 0-20 years (table   1) . There was no statistical difference between the length of myocardial bridges in male and female subjects (table 2) . Shorter muscle bridges were more common (table 3 and fig 1) . At hand lens dissection 41 muscle bridges were detected and were classified as superficial if the left anterior descending coronary artery ran on the interventricular groove and was crossed by the muscle bundle perpendicularly or at an acute angle before deviating to the apex of the heart (fig 2) . This type was the more common and was identified in 31 (75-6%) of the bridges. The remaining 10 muscle bridges (24-4%) were classified as deep: the left anterior descending coronary artery deviated towards the right ventricle and was deeply situated on the interventricular septum where it was crossed transversely, obliquely or helically by a longitudinal bundle arising from the apex of the right ventricle and inserting into the interventricular septum (figures 3A and B). Close scrutiny showed that some fibres surrounded the artery. This deep variant was seen less frequently and had longer muscle bundles than its superficial counterpart (table 3) . Histological studies showed that there was no direct contact between the muscle bridge and the adventitial wall of the associated artery and that adipose, neural, and loose connective tissues were interposed between the muscle bridge and the related artery.
Discussion
The myocardial bridge is a distinctive anatomical entity whose pathophysiological role has evoked much controversy. Studies have shown that these muscular bands are present from birth78 and their development is closely associated with the growth of the adjacent artery. The incidence varies from report to report and seems to depend on the precision of the dissector.9 Our recorded incidence of 55-6% accords with other comparable studies.'0 ' The left anterior descending coronary artery is the most clinically important vessel that is affected by muscle bridges. accord with our own observations. The association of myocardial bridges with ischaemia is well established and symptoms have been relieved by surgical excision of the muscle bridge.4 15 Hill et al showed that when the left anterior descending coronary artery runs underneath a muscle bridge it can be distorted in systole with a delay in diastolic relaxation. They also found that surgical resection of the muscle bridge often relieved the functional disturbance.'6 However, some individuals with muscle bundles are symptom free.'7 Various workers have attempted to classify the anatomical distribution of muscle bridges. Geiringer defined two types: in the first the left anterior descending coronary artery was sited deep in the interventricular groove with the muscle bridge surrounding it and in the second variant, which he considered to be more common, the muscle bridge arose from the trigonum fibrosum and invested the left anterior descending coronary artery as it passed to the apex of the heart.3 We would classify these two types as superficial. We consider the distinction between superficial and deep muscle bridges to be important in ischaemia and our classification may explain why some demonstrable muscle bridges do not cause symptoms. We showed that deep muscle bridges surround the left anterior descending coronary artery with helices of muscle fibres and we speculate that this may distort or compress the adjacent artery. Porstmann and Iwig recognised the usefulness of angiography in permitting in vivo visualisation of the myocardial bridge.'8 Amplatz and Anderson too studied myocardial bridges angiographically.'9 Angelini and his colleagues in their comprehensive review described how systolic Angelini et al commented on the disparity between the high incidence ofmyocardial bridges reported from anatomical studies and the lower angiographic incidence. Furthermore, they noted that angiographic evidence of myocardial bridges may depend on several factors, including the length of the bridge, the precise orientation of the bridge fibres in relation to the left anterior descending coronary artery, and the nature of the tissue interposed between the myocardial bridge and the adjacent artery. We believe that the disparity in the incidence reported from anatomical and angiographic studies depends on the length of the muscle bridge and that angiography detects only the deep myocardial bridges, which we noted were significantly larger and more likely to interfere with coronary flow. Ishimori 
